We demonstrate a real-time transient waveform digitizer with a record 1 TSa/s (TeraSample/sec) sampling rate. This is accomplished by using a photonic time stretch preprocessor which slows down the electrical waveform before it is captured by an electronic digitizer. 
digitizer. To the best of our knowledge, this is the first time that the real-time digitization at 1 TSa/s has been achieved.
The time stretch preprocessing, shown in Fig. 1 , consists of three steps: time-towavelength transformation, wavelength domain processing, and wavelength-to-time transformation. Time-to-wavelength transformation occurs when the electrical signal modulates the intensity of a linearly-chirped optical pulse. At the output of modulator, the input signal's time scale is linearly mapped onto the optical wavelength. The second and third steps occur simultaneously when the waveform is broadened as it travels through the second dispersive optical medium and is subsequently photodetected.
The major obstacle to achieving a stretch factor of 50x is to overcome the frequency fading that is associated with dispersive propagation. This phenomenon has been described in details elsewhere 5, 6 . Briefly, it occurs due to the dispersion-induced interference between the two modulation-sidebands. We overcome this problem using the recently proposed phase diversity technique, where two stretched waveforms with complementary fading characteristics are realized and combined to eliminate the bandwidth limitation 7 . Another practical concern is the large loss of dispersive fiber required to achieve such a large stretch factor. This problem is mitigated by the judicious use of optical amplification in such a manner as to optimize the overall signal to noise ratio while avoiding degradation from optical nonlinearity.
The block diagram of experimental setup for a 50x photonic time stretch preprocessor is shown in Fig. 2 . Ultrashort and broadband optical pulses are produced, with repetition period T=200ns, through the continuum generation process. Around 15 nm of the optical spectrum at (centered at 1590 nm) is sliced using an optical bandpass filter and is used in the experiment. After being linearly chirped by propagation in a spool of dispersive fiber, a given pulse enters the electro-optic modulator where it captures the electrical transient.
The chirped optical pulse has finite amplitude variations resulting in distortion of the captured signal. The distortion is removed by using a reference waveform and digital The digitizer performance is also measured in the frequency domain. Fig. 4 shows the digital spectrum of a measured 26 GHz signal and a 42 GHz signal, respectively. The
Hanning window was used before discrete Fourier transform. We note that no digital filter was used to obtain the data in Fig. 4 , hence the input analog bandwidth of these spectrums is 0 -200 GHz. The 2 nd harmonic distortion tone is observed in Fig. 4 . These arise due to nonlinear electrooptic modulation that is affected by memory effects in the fiber, a phenomenon that has been previously predicted by theory 6 . Post-nonlinearcompensation performed in the digital domain similar to broadband power amplifier linearization in wireless communications can potentially mitigate this type of distortion.
The highest spurious peak appearing at 125 GHz is due to the electronic digitizer and is independent of the time stretch processor.
Although the TSa/s digitizer has an intrinsic bandwidth of 200 GHz, the experimental GHz are from the under-suppressed fundamental frequency and the 3 rd harmonic.
Optical nonlinearity may distort the stretched signal. It is especially important in TSa/s experiment, in which multiple optical amplifications are needed to compensate fiber loss.
Improper amplifier design may significantly distort signal. An example of distortion pattern is shown in Fig. 6 . The distortion (amplitude reduction) is most severe at the center of pulse, where the pulse has highest peak power. This measured distortion pattern is verified by the numerical simulation and is the result of interaction between fiber dispersion and optical nonlinearity. When the optical pulse is modulated by a sinusoid signal, optical nonlinearity introduces an intensity dependent phase shift in propagation.
Dispersion causes phase-to-amplitude conversion and hence results in distortion of signal amplitude 6 . Because optical power is highest at the center of time window, the extent of nonlinear distortion varies across the time window and introduces the distortion pattern observed in Fig. 6 .
In summary, the photonic time stretch technique has been used to realize a real-time transient digitizer with the record one TSa/s sampling rate. The system has a FWHM time 
